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Abstract
Background: Although leisure-time physical activity (PA) contributes to overall health, including pregnancy health,
patterns across pregnancy have not been related to birth outcomes. We hypothesized that women with sustained
low leisure-time PA would have excess risk of adverse pregnancy outcomes, and that changing patterns across
pregnancy (high to low and low to high) may also be related to risk of adverse pregnancy outcomes.
Methods: Nulliparous women (n = 10,038) were enrolled at 8 centers early in pregnancy (mean gestational age in
weeks [SD] = 12.05 [1.51]. Frequency, duration, and intensity (metabolic equivalents) of up to three leisure activities
reported in the first, second and third trimesters were analyzed. Growth mixture modeling was used to identify
leisure-time PA patterns across pregnancy. Adverse pregnancy outcomes (preterm birth, [PTB, overall and
spontaneous], hypertensive disorders of pregnancy [HDP], gestational diabetes [GDM] and small-for-gestational-age
births [SGA]) were assessed via chart abstraction.
Results: Five patterns of leisure-time PA across pregnancy were identified: High (35%), low (18%), late decreasing (24%),
early decreasing (10%), and early increasing (13%). Women with sustained low leisure-time PA were younger and more likely
to be black or Hispanic, obese, or to have smoked prior to pregnancy. Women with low vs. high leisure-time PA patterns
had higher rates of PTB (10.4 vs. 7.5), HDP (13.9 vs. 11.4), and GDM (5.7 vs. 3.1, all p< 0.05). After adjusting for maternal factors
(age, race/ethnicity, BMI and smoking), the risk of GDM (Odds ratio 2.00 [95% CI 1.47, 2.73]) remained higher in women with
low compared to high patterns. Early and late decreasing leisure-time PA patterns were also associated with higher rates of
GDM. In contrast, women with early increasing patterns had rates of GDM similar to the group with high leisure-time PA
(3.8% vs. 3.1%, adjusted OR 1.16 [0.81, 1.68]). Adjusted risk of overall PTB (1.31 [1.05, 1.63]) was higher in the low pattern
group, but spontaneous PTB, HDP and SGA were not associated with leisure-time PA patterns.
Conclusions: Sustained low leisure-time PA across pregnancy is associated with excess risk of GDM and overall PTB
compared to high patterns in nulliparous women. Women with increased leisure-time PA early in pregnancy had low rates
of GDM that were similar to women with high patterns, raising the possibility that early pregnancy increases in activity may
be associated with improved pregnancy health.
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Background
Physical activity contributes to overall health, including
pregnancy health [1]. Similar to non-pregnant adults, the
American College of Obstetricians and Gynecologists rec-
ommends that pregnant women achieve 20 to 30 min of
moderate intensity activity per day on most or all days of
the week [2]. Pregnancy, however, is also a time of in-
creased sedentary behavior due to physical, individual and
clinical determinants [3, 4]. Individual patterns of activity
across pregnancy have not been well described. Most data
across gestation are derived from cross sectional assess-
ments in different women that are aggregated to describe
behaviors in each trimester [4, 5].
Preterm birth (delivery < 37 weeks gestation), hyper-
tensive disorders of pregnancy (elevated blood pressure
with or without proteinuria), gestational diabetes (de
novo abnormal glucose metabolism) and fetal growth re-
striction (birth weight < 5th percentile) complicate up to
38% of first births [6] and are associated with significant
maternal and neonatal morbidity and mortality. These
adverse pregnancy outcomes are heterogeneous condi-
tions, with some overlapping vascular and metabolic
pathophysiologies including endothelial dysfunction, in-
sulin resistance, and inflammation [7–10]. Physical activ-
ity affects each of these factors, which may be mediating
links between increased physical activity and reduced
risk of complications [11, 12]. Importantly, the risk of
adverse outcomes is highest in first pregnancies, and a
history of prior complications is the strongest determin-
ant of recurrence in subsequent births [13, 14]. Thus,
health behaviors in a first pregnancy are a unique oppor-
tunity to improve immediate and long-term maternal
and child health.
In a prospective cohort of 10,038 nulliparous women
enrolled at 8 centers in the U.S., we set out to describe
patterns of self-reported leisure-time physical activity (PA)
and related these patterns to occurrence of preterm birth,
hypertensive disorders of pregnancy, gestational diabetes
and small-for-gestational-age births. We hypothesized that
women with sustained levels of low leisure-time PA would
have higher risk of adverse pregnancy outcomes. We also
considered that changing patterns across pregnancy may
also be important, such that increases in activity may be
beneficial and decreases may be associated with higher
risk of adverse outcomes.
Methods
The Nulliparous Pregnancy Outcomes Study: Monitoring
Mothers-to-Be (nuMoM2b) is a prospective cohort study
designed to identify factors that contribute to adverse
pregnancy outcomes [15]. This prospective cohort study
enrolled 10,038 nulliparous women with singleton
pregnancies from 8 clinical centers in the United States
(Case Western Reserve University; Columbia University;
Indiana University; University of Pittsburgh; Northwestern
University; University of California at Irvine; University of
Pennsylvania; and University of Utah). In brief, women
were eligible for enrollment if they had a viable singleton
gestation, had no previous pregnancy that lasted more
than 20 weeks of gestation, and were between 6 0/7 weeks
of gestation and 13 6/7 weeks of gestation at recruitment.
Exclusion criteria were maternal age younger than 13 years,
history of three or more spontaneous abortions, current
pregnancy complicated by a suspected fatal fetal malforma-
tion, known fetal aneuploidy, assisted reproduction with a
donor oocyte, multifetal reduction, or plans to terminate
the pregnancy. Nulliparity was defined as having had no
prior pregnancy lasting 20 weeks or more based on
self-report. All local institutional review boards approved
the study protocol, and participants provided written in-
formed consent prior to enrollment.
Leisure-time PA during pregnancy was self-reported at
a study visit in each trimester (6- < 14, 16- < 22, and 22- <
30 weeks gestation, with the third visit occurring at least
4 weeks after the previous visit) using standardized phys-
ical activity questions adapted from the Behavior Risk
Factor Surveillance System (BRFSS) [16, 17]. Women were
asked whether they participated in any leisure-time PA
during the previous four weeks. If yes, they were asked to
describe the activity in which they spent the most time
and to provide information on the number of times per
week they had taken part in this activity over the four
weeks, and how many minutes per time. For running, jog-
ging, walking, cycling and swimming, they were also asked
about distance. This was repeated for the second and third
activity in which they spent the most time. By design,
these questions assess structured, physical activities which
have been linked to health, including pregnancy health
[18, 19]. Each activity was assigned an intensity level
[metabolic equivalent (MET)] by trained coders based on
the Physical Activity Compendium [20]. This MET value
was multiplied by the frequency and duration of each ac-
tivity to obtain volume for each activity (MET-minutes
per week), and then summed across all activities reported
by the participant. In addition to analysis of MET-minutes
per week, adequacy of a participant’s exercise regimen was
assessed as ≥150 min of moderate activity per week,
≥75 min of vigorous activity per week, or an equivalent
combination of the two. Moderate activity was defined as
leisure-time PA with an intensity 3 ≤METs< 6 and vigor-
ous activity was defined as METs≥6. A total of 10,022
women provided activity data at one or more visits; 10,016
at Visit 1; 9408 at Visit 2; and 9215 at Visit 3. For all 3
visits, the median (Q1, Q3) was 1 (0,2) for number of ac-
tivities reported.
Adverse pregnancy outcomes were adjudicated from
medical record abstraction, performed by certified research
personnel. Quality control checks via re-abstraction were
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performed by the site principal investigator on a random
selection of charts with and without complications. For
82% of the charts reviewed, no discrepancies were found.
For those charts with discrepancies between the two ab-
stractions, these differences were generally minor and not
related to the primary adverse pregnancy outcomes.
Preterm births were those delivered prior to 37 weeks, and
further classified as spontaneous if after spontaneous onset
of labor or premature rupture of membranes. Hypertensive
disease of pregnancy included preeclampsia with and with-
out severe features, super-imposed preeclampsia, eclamp-
sia, and gestational hypertension, as defined according to
established criteria [21]. Gestational diabetes mellitus was
defined by one of the following glucose tolerance testing
(GTT) criteria: fasting 3-h 100 g GTT with two abnormal
values [fasting 95 mg/dL or greater, 1-h 180 mg/dL or
greater, 2-h 155 mg/dL or greater, 3-h 140 mg/dL or
greater]; 2) fasting 2-h 75 g GTT with one abnormal value
[fasting 92 mg/dL or greater, 1-h 180 mg/dL or greater, 2-h
153 mg/dL or greater]; or 3) nonfasting 50-g GTT 200 mg/
dL or greater if no fasting 3-h or 2-h GTT was performed
[22]. If no GTT data were available, the clinical diagnosis
from chart abstraction was used for GDM classification.
Small-for-gestational-age (SGA) birthweight was defined as
<5th percentile for gestational age at delivery based on
Alexander fetal growth curves [23]. Analysis was restricted
to pregnancies carried 20 or more weeks of gestation.
Women with pre-existing diabetes were identified via chart
abstraction of the medical record from the delivery
hospitalization (n = 151) and were excluded from analysis
of gestational diabetes.
Covariates were recorded at the enrollment study visit
and included maternal age, race/ethnicity, nausea,
vomiting, retching in the 12 h prior to the study visit
interview (as derived from the PUQE survey), [24] smok-
ing during the 3 months prior to pregnancy, chronic
hypertension or pre-existing diabetes, and education.
Early pregnancy body mass index (BMI, kg/m2) was
based on measured weight and height, which is highly
correlated with pre-pregnancy BMI.
Patterns of leisure-time PA throughout pregnancy
were identified using growth mixture modeling [25] con-
ducted in Mplus version 8 with missing values addressed
using full information maximum likelihood [26]. Models
included leisure-time PA values (METs-minutes per
week) from the three study visits. Due to the skewness
of the distributions of total weekly MET-minutes, we ap-
plied a log transformation. Having determined the most
appropriate form of the growth curve (linear vs. quad-
ratic), we compared the fit of growth mixture models
with one- to five-class solutions. Model fit was assessed
based on standard fit indices (i.e., AIC, BIC, and
sample-adjusted BIC); the inclusion of additional classes
was evaluated using likelihood ratio tests. In addition,
the number of participants in each class was examined,
requiring a minimum of 5–10% of participants per class
to avoid the inclusion of spurious classes. Final model
selection was informed by the statistical results and in-
terpretation of the classes. Specifically, we determined
that a 5-group solution most ideally fit the data based
on the statistical results and the fact that patterns
matched what is generally known about activity across
gestation. For example, this 5-group solution included a
group with zero or very low leisure-time PA across preg-
nancy, while other groups, on average, reported reduc-
tions as pregnancy advanced.
We summarized maternal characteristics according to
leisure-time PA pattern group, and compared these char-
acteristics using chi square tests and analysis of variance
F-tests. We compared occurrence of adverse outcomes in
each leisure-time PA pattern group using logistic regres-
sion, and adjusted differences for age (linear and quadratic
terms), race/ethnicity, early pregnancy BMI (linear and
quadratic terms), and smoking status 3 months prior to
pregnancy which were covariates selected a priori. As sen-
sitivity analyses, we conducted additional adjusted ana-
lyses adding the probability of pattern group membership
taken from the growth mixture model to the covariates in
the logistic regression model. Odds ratios from all logistic
regression models were computed with the most active
class as the referent group.
Results
Growth mixture modeling revealed five patterns of
self-reported leisure-time PA across pregnancy (Fig. 1).
The largest group of women reported high levels of
leisure-time PA in the first trimester that decreased to
moderate levels in the third trimester (high, 35%). One
group reported no leisure-time PA during any trimester
of pregnancy (low, 18%). Another group reported mod-
erate levels in the first and second trimester that de-
creased to low levels in the third trimester (late
decreasing, 24%). Some women increased leisure-time
PA in the first half of pregnancy, then decreased to low
levels (early increasing, 13%) while another group de-
creased leisure-time PA in the first half of pregnancy
and reported persistently low levels in the third trimester
(early decreasing, 10%). Of note, had we evaluated
leisure-time PA in a cross-sectional fashion at each
trimester, different groups would have emerged. For
example, in the first trimester women clustered in three
groups (high, moderate, low); in the second trimester,
there were also three cross sectional groups but com-
prised of different women.
The most common activities reported for each group
were walking, aerobics, yoga, weight lifting and running
(Table 1). We summarized the average minutes of
leisure-time PA per week in each group across gestation
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to translate the patterns detected into clinically mean-
ingful metrics (Table 2). Almost one quarter of women
with high leisure-time PA achieved recommended
levels of activity early in pregnancy (≥150 min/weeks of
moderate activity per week, or ≥ 75 min/week of vigor-
ous activity, or an equivalent combination of the two)
[2]. The overall patterns of increasing or decreasing
leisure-time PA were similar when summarized accord-
ing to guidelines, and generally, fewer than 5% of
women in these groups achieved recommended levels
at any assessment.
Women with high leisure-time PA, on average,
were older, less likely to be of minority race/ethni-
city, less likely to be obese, and reported less nausea,
lower smoking rates and fewer chronic conditions
prior to pregnancy compared to women in all other
groups (Table 3). Women with late decreasing pat-
terns were similar to this group in terms of race/eth-
nicity and smoking, but were more likely to be
obese with higher rates of nausea and pre-pregnancy
chronic conditions. Women with low leisure-time PA
across pregnancy were younger, more likely to be of
minority race/ethnicity, and had higher rates of
smoking compared to other groups. Those with early
pregnancy changes in leisure-time PA (early increas-
ing, early decreasing) were similar to each other,
with about half of the group of minority race/ethnicity, a
third obese, and a majority with early pregnancy nausea
and smoking. However, women with early increasing
patterns were less likely to be overweight compared to
their counterparts with early decreasing patterns.
Rates of adverse outcomes differed across groups
(Table 4). The group of women with low leisure-time PA
had higher rates of preterm birth, hypertensive disorders
of pregnancy, gestational diabetes, and small for gesta-
tional age births compared to those with high activity
patterns. Conversely, women with high leisure-time PA
had the lowest rates of all complications. After account-
ing for maternal characteristics (age, race/ethnicity, BMI,
smoking), rates of GDM differed according to these pat-
terns. Those with low leisure-time PA (aOR 2.00 [95%
CI 1.47, 2.73]), late decreasing (aOR 1.50 [1.12, 2.01]),
and early decreasing patterns (aOR 1.74 [1.21, 2.52]) all
had elevated risk of GDM. Of note, the group with early
increasing leisure-time PA had rates of GDM similar to
those with high activity patterns across pregnancy (3.8%
vs. 3.1%, aOR 1.16 [0.81, 1.68]). Mixed results were de-
tected for other pregnancy outcomes. Women with low
leisure-time PA had excess risk of preterm birth (aOR
1.31 [1.05, 1.63]), but not higher rates of spontaneous
preterm birth (OR 1.17 [0.88, 1.54]) or preeclampsia
(OR 1.18 [0.91, 1.53]). Those with late decreasing
leisure-time PA had higher risk of SGA (aOR 1.37 [1.05,
1.79]) compared to women with high activity.
To account for the variability of being included in a
group, models were additionally adjusted for the poster-
ior probability of group assignment and results were un-
changed. (Additional file 1: Table S1).
Fig. 1 Leisure-time physical activity per week for nuMoM2b study visits
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Discussion
Our results from a large, multi-center, diverse and contem-
porary cohort of nulliparous women revealed that patterns
of self-reported leisure-time PA change across pregnancy
and that these patterns are related to risk of adverse preg-
nancy outcomes. Importantly, the third of women with the
highest leisure-time PA levels throughout pregnancy had
the lowest rates of complications. Almost 20% of women
reported no leisure-time PA. These women were young,
more likely to be of minority race/ethnicity, and more likely
to have the highest rates of most complications. Gestational
diabetes risk was associated with leisure-time PA patterns:
Table 1 Counts of most frequent activities reported by nuMoM2b study visita
Activity (METs) Visit 1 Visit 2 Visit 3 Across
visits6 to < 14 wks (N = 10,016) 16 to < 22 wks (N = 9408) 22 to < 30 wks (N = 9215)
Walking (3.5)b 5364 5554 5390 16,308
Aerobics class/Exercise machines (5.5) 1393 1255 1107 3755
Yoga (3.0) 825 1098 1107 3030
Weight lifting (3.5) 651 624 497 1772
Running(8.0)b 697 481 215 1393
Swimming (7.0) 383 350 390 1123
Cycling (7.5)b 400 314 197 911
Calisthenics/Home or Gym Exercise (4.0) 277 264 212 753
Hiking/Backpacking (6.5) 154 132 102 388
Dancing (5.0) 148 125 77 350
Gardening (3.8) 117 76 61 254
Stair climbing (6.4) 48 58 52 158
Tennis (7.3) 37 26 11 74
Volleyball (4.0) 42 21 11 74
Judo/Karate/Tae Kwon Do (7.8) 26 21 22 69
Softball/baseball (5.0) 33 22 6 61
Basketball (6.5) 30 15 11 56
Sledding/Tobogganing (7.0) 29 24 2 55
Soccer/Badminton/Racquetball (7.0) 33 12 4 49
aStudy visits occurred in time according to the gestational age of participants
bFor walking, jogging, running, and cycling, METs were based on speed when distance and duration were provided. Assigned values are shown below
Walking
no speed (general) = 3.5 METs
< 2.0 mph = 2.0 METs
2.0–2.4 mph = 2.8 METs
2.5–2.7 mph = 3.0 METs
2.8–3.5 mph = 3.5 METs
3.6–4.2 mph = 5.0 METs
4.3–4.9 mph = 7.0 METs
≥ 5.0 mph = 8.3 METs
Jogging/Running
jogging no speed (general) = 7.0 METs
running no speed (general) = 8.0 METs
< 4.9 mph = 6.0 METs
5.0–5.9 mph = 9.0 METs
6.0–6.9 mph = 11 .0 METs
7.0–7.9 mph = 11.5 METs
8.0–8.9 mph = 12.0 METs
9.0–9.9 mph = 12.8 METs
≥ 10 mph = 15.0 METs
Cycling
no speed (general) = 7.5 METs
< 6.0 mph = 3.5 METs
6.0 - 9.9 mph = 5.0 METs
10.0 - 11.9 mph = 6.8 METs
12.0 - 13.9 mph = 8.0 METs
14.0 - 15.9 mph = 10.0 METs
16.0 - 19.9 mph= 12.0 METs
≥ 20.0 mph = 15.8 METs
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women with high leisure-time PA and those who increased
leisure-time PA in the first half of pregnancy had the lowest
rates of GDM, independent of maternal characteristics.
Levels of activity prior to pregnancy are associated with
patterns during pregnancy, although overall, women tend
to decrease activity as gestation advances [3, 27]. Very
little is known, however, regarding activity patterns across
gestation and their relation to adverse pregnancy out-
comes. Physical activity is a modifiable contributor to fit-
ness, and fitness contributes to the integrity of the
vascular and metabolic systems that undergo profound
adaptation required for healthy pregnancy. Our results
Table 2 Number and percent of women with adequate exercise regimena within nuMoM2b study visit by leisure-time physical




Visit 1 Visit 2 Visit 3
6 to < 14 wks 16 to < 22 wks 22 to < 30 wks
(N = 10,016) (N = 9408) (N = 9215)
High 833/3479 (23.9%) 671/3274 (20.5%) 470/3231 (14.5%)
Early decreasing 55/1017 (5.4%) 2/1009 (0.2%) 22/981 (2.2%)
Early increasing 9/1338 (0.7%) 66/1312 (5.0%) 50/1284 (3.9%)
Late decreasing 39/2402 (1.6%) 46/2249 (2.0%) 64/2210 (2.9%)
Low 5/1780 (0.3%) 5/1564 (0.3%) 12/1509 (0.8%)
p-value2/ <.0001 <.0001 <.0001
aAdequate exercise regimen is defined as > = 150 min of moderate activity per week or > =75 min of vigorous activity per week or some combination of
moderate and vigorous that is equivalent to these guidelines. Moderate activity is 3 to < 6 METs. Vigorous activity is 6+ METs
2/P-values are shown for chi-square tests of association between leisure-time physical activity trajectory class and percent of women with adequate exercise
regimen for the specific study visit
Table 3 Baseline characteristics by leisure-time physical activity trajectory class across nuMoM2b study visits
Baseline characteristics Leisure-time physical activity trajectory class p-value1/
High Early decreasing Early increasing Late decreasing Low
(N = 3483) (N = 1017) (N = 1338) (N = 2404) (N = 1780)
Maternal age, in years
Mean (standard deviation) 28.8 (5.4) 25.5 (5.5) 25.8 (5.8) 26.9 (5.4) 25.2 (5.6) <.0001
Category: n (%) <.0001
13–21 427 (12.3) 301 (29.6) 372 (27.8) 478 (19.9) 551 (31.0)
22–35 2735 (78.6) 682 (67.1) 886 (66.2) 1783 (74.2) 1131 (63.5)
> 35 318 (9.1) 34 (3.3) 80 (6.0) 143 (5.9) 98 (5.5)
Maternal race: n (%) <.0001
White Non-Hispanic 2491 (71.6) 536 (52.7) 682 (51.0) 1540 (64.1) 740 (41.6)
Black Non-Hispanic 290 (8.3) 180 (17.7) 256 (19.1) 330 (13.7) 362 (20.3)
Hispanic 374 (10.7) 200 (19.7) 258 (19.3) 325 (13.5) 534 (30.0)
Asian 151 (4.3) 35 (3.4) 62 (4.6) 95 (4.0) 64 (3.6)
Other 174 (5.0) 66 (6.5) 80 (6.0) 114 (4.7) 80 (4.5)
Early Pregnancy BMI, in kg/m2
Mean (standard deviation) 25.2 (5.3) 27.4 (6.9) 27.0 (6.8) 26.9 (6.8) 26.8 (6.4) <.0001
Category: n (%) <.0001
< 25 2112 (61.7) 442 (44.2) 663 (50.3) 1180 (49.9) 797 (46.8)
25 to < 30 803 (23.4) 282 (28.2) 293 (22.2) 586 (24.8) 480 (28.2)
≥ 30 510 (14.9) 275 (27.5) 361 (27.4) 601 (25.4) 426 (25.0)
Nausea, vomiting, retching in 12 h prior V1 interview: n (%) 1704 (49.0) 592 (58.2) 789 (59.0) 1317 (54.8) 1016 (57.1) <.0001
Smoked during 3 months prior to pregnancy: n (%) 487 (14.0) 223 (21.9) 288 (21.6) 392 (16.3) 392 (22.1) <.0001
Chronic hypertension: n (%) 43 (1.3) 36 (3.7) 36 (2.8) 84 (3.7) 43 (2.6) <.0001
Pre-gestational diabetes: n (%) 30 (0.9) 25 (2.5) 29 (2.2) 51 (2.2) 16 (1.0) <.0001
1/p-values are shown for chi-square tests (percent) and from ANOVA F-tests (mean [SD])
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suggest that patterns of leisure-time PA at early, mid and
late gestation may be associated with complications, par-
ticularly rates of GDM.
Consistent with other observational studies, few women
in our contemporary cohort achieved recommended levels
of leisure-time PA [28]. The patterns we detected, however,
Table 4 Crude and adjusteda odds ratios for pregnancy outcomes among women 20+ weeks of gestation according to leisure-time
physical activity trajectory class across nuMoM2b study visits
Pregnancy outcome Pregnancy
outcome
Crude odds ratios Adjusted odds ratios
Physical activity trajectory
Class (Contrast)b n/N (%) Estimate (95% CI) p-value Estimate (95% CI) p-value
Preterm birth (Nc = 9465, Na = 9278)
High (referent) 247/3272 (7.5) 1.00 0.0175 1.00 0.1998
Early decreasing (versus referent) 90/980 (9.2) 1.24 (0.96–1.59) 1.12 (0.86–1.46)
Early increasing (versus referent) 118/1300 (9.1) 1.22 (0.97–1.54) 1.09 (0.86–1.39)
Late decreasing (versus referent) 194/2278 (8.5) 1.14 (0.94–1.39) 1.09 (0.89–1.33)
Low (versus referent) 170/1635 (10.4) 1.42 (1.16–1.74) 1.31 (1.05–1.63)
Spontaneous preterm birth (Nc = 9461, Na = 9274)
High (referent) 160/3271 (4.9) 1.00 0.4563 1.00 0.5995
Early decreasing (versus referent) 54/978 (5.5) 1.14 (0.83–1.56) 1.09 (0.78–1.52)
Early increasing (versus referent) 63/1300 (4.8) 0.99 (0.73–1.34) 0.95 (0.70–1.29)
Late decreasing (versus referent) 105/2278 (4.6) 0.94 (0.73–1.21) 0.94 (0.72–1.21)
Low (versus referent) 95/1634 (5.8) 1.20 (0.92–1.56) 1.17 (0.88–1.54)
Preeclampsia (Nc = 9450, Na = 9263)
High (referent) 163/3270 (5.0) 1.00 0.0098 1.00 0.6210
Early decreasing (versus referent) 64/976 (6.6) 1.34 (0.99–1.80) 1.05 (0.77–1.44)
Early increasing (versus referent) 94/1299 (7.2) 1.49 (1.14–1.93) 1.21 (0.92–1.59)
Late decreasing (versus referent) 149/2273 (6.6) 1.34 (1.06–1.68) 1.13 (0.89–1.43)
Low (versus referent) 115/1632 (7.0) 1.44 (1.13–1.85) 1.18 (0.91–1.53)
Preeclampsia or antepartum gHTN (Nc = 9450, Na = 9263)
High (referent) 372/3270 (11.4) 1.00 0.0066 1.00 0.3719
Early decreasing (versus referent) 131/976 (13.4) 1.21 (0.98–1.49) 1.03 (0.82–1.29)
Early increasing (versus referent) 186/1299 (14.3) 1.30 (1.08–1.57) 1.16 (0.95–1.41)
Late decreasing (versus referent) 326/2273 (14.3) 1.30 (1.11–1.53) 1.14 (0.97–1.35)
Low (versus referent) 227/1632 (13.9) 1.26 (1.05–1.50) 1.16 (0.96–1.40)
GDM (Nc = 9314, Na = 9131)
High (referent) 101/3245 (3.1) 1.00 0.0003 1.00 0.0001
Early decreasing (versus referent) 48/956 (5.0) 1.65 (1.16–2.34) 1.74 (1.21–2.52)
Early increasing (versus referent) 48/1270 (3.8) 1.22 (0.86–1.73) 1.16 (0.81–1.68)
Late decreasing (versus referent) 105/2226 (4.7) 1.54 (1.17–2.04) 1.50 (1.12–2.01)
Low (versus referent) 92/1617 (5.7) 1.88 (1.41–2.51) 2.00 (1.47–2.73)
SGA < 5th percentile (Nc = 9426, Na = 9239)
High (referent) 123/3260 (3.8) 1.00 0.1649 1.00 0.2169
Early decreasing (versus referent) 45/974 (4.6) 1.24 (0.87–1.75) 1.13 (0.78–1.63)
Early increasing (versus referent) 63/1294 (4.9) 1.31 (0.96–1.78) 1.15 (0.83–1.60)
Late decreasing (versus referent) 116/2270 (5.1) 1.37 (1.06–1.78) 1.37 (1.05–1.79)
Low (versus referent) 76/1628 (4.7) 1.25 (0.93–1.67) 1.08 (0.79–1.47)
aAdjusted for age (linear and quadratic terms), race/ethnicity (white, non-Hispanic; black, non-Hispanic; Hispanic; Asian: and other), early pregnancy BMI (linear
and quadratic terms), and smoking status 3 months prior to pregnancy. P-values are taken from logistic regression models
bNc and Na present the number of observations used in calculating the crude odds ratios and the adjusted odds ratios, respectively
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revealed that those with high leisure-time PA and those
who increased their activity prior to mid-pregnancy had
low rates of GDM. Our findings raise the possibility
that women may be motivated to improve their health
behaviors during pregnancy and that increasing levels
of leisure-time PA could be associated with improved
pregnancy health. Observational, intervention studies
and systematic reviews consistently show that physical
activity is associated with reduced risk of GDM [12, 29,
30]. Our study extends these to raise the possibility that
increasing leisure-time PA prior to 24 weeks gestation
(when GDM screening occurs) even at levels that fall
short of recommendations, may be beneficial. This
finding is consistent with evidence that increased activ-
ity is associated with lower glucose levels in women
with GDM [12, 31]. Future work is needed to relate ac-
tivity patterns to glucose, other biomarkers and weight
gain to better understand mechanisms that may explain
our findings.
Women with low leisure-time PA had high rates of all
complications, including higher overall preterm birth,
but not spontaneous preterm birth. This group did not
have excess hypertensive disorders of pregnancy or small
for gestational age births after accounting for maternal
characteristics, the two leading reasons for medically in-
dicated PTB. Taken together, these data suggest that
other maternal or fetal health indications may contribute
to the excess preterm birth we detected in women with
low leisure-time PA. In addition, the excess risk of small
for gestational age births detected only in women with
late decreasing leisure-time PA may be due to reverse
confounding, such that women may be under surveil-
lance for impaired fetal growth and thus advised or
choose to restrict their activity late in pregnancy. We
were unable to disentangle these temporal indications
for change.
Our results suggest that the pattern of leisure-time PA
may be related to pregnancy health. Among the group
with early increasing leisure-time PA, only 5% achieved
recommended levels by 16 to 22 weeks’ gestation, and yet
the pattern of increase was associated with lower rates of
GDM compared to groups with sustained low or decreas-
ing leisure-time PA. It is possible that health behaviors de-
tected in a first pregnancy may persist post-partum and
contribute to subsequent pregnancy health and long term
maternal health. In addition, it is possible that maternal
leisure-time PA patterns may be related to newborn health
and adiposity risk [32, 33]. These long-term associations
warrant investigation, and mothers in the current cohort
are being followed to assess post-pregnancy maternal
health and health behaviors [34].
Our observational study findings must be considered in
light of limitations. Our activity data were self-reported on
an instrument which was limited to only three structured
activities and does not include more incidental, occupa-
tional, or light intensity activity. This approach may sys-
tematically underestimate activity levels in women that
are more active. Evidence among non-pregnant adults
who reported up to 4 activities indicates that collecting in-
formation on two leisure activities provides the most effi-
cient balance for accuracy, and thus provides reassurance
that the impact of this limitation may be small [35]. We
also cannot rule out residual confounding or reverse caus-
ality, and cannot infer causality. We were unable to study
factors that may be associated with changing leisure-time
PA during pregnancy, such as provider advice to increase
or decrease activity. For example, women at risk for spon-
taneous preterm birth (i.e. short cervix) may be advised to
decrease activity [36, 37]. Our results did not indicate that
women with low leisure-time PA had higher risk of spon-
taneous preterm birth, and thus the impact of this limita-
tion may be modest. We also did not have information
regarding pre-pregnancy leisure-time PA patterns which
are likely informative. We also were unable to examine in-
dividual or community barriers such as occupational fea-
tures and neighborhood safety that may deter activity
during pregnancy. Strengths of our study include the
large, diverse, contemporary cohort of nulliparous women
followed prospectively; our ability to characterize patterns
of leisure-time PA across pregnancy; and, validated ad-
verse pregnancy outcomes derived from medical records.
Conclusion
Our results indicate that women with sustained low
leisure-time PA across pregnancy have excess risk of PTB
and GDM compared to the women with leisure-time PA
at higher levels across all trimesters of pregnancy. Of note,
women that increased their leisure-time PA early in preg-
nancy had low rates of GDM similar to those in the high
pattern group, raising the possibility that early pregnancy
increases in leisure-time PA may be associated with im-
proved pregnancy health.
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